and a lipase activator (sodium dodecyl sulfate, SDS). This method (hereafter designated as the BALB-DTNB method) was found to be sensitive enough to measure the very low levels of lipase in the fractions separated after subjecting serum samples directly to gel-filtration on a Sephacryl S 200R column or to isoelectro focusing in an AmpholineR column.
In view of the importance of confirming the specificity of the BALB-DTNB method for the assay of serum lipase originating from the pancreas, the gel-filtration and isoelectrofocusing profiles of the lipolytic activity of serum samples from various patients were compared with those of the pancreatic juice lipase. The chromogenic buffer stock solution of 3 mM DTNB-0.1 M Tris•HCl (pH 8.5) was reconstituted by adding TRIS (2.4 ml) and then distilled water (22 ml (7), increase in serum lipase activity was observed in some patients with suspected pancreatic diseases, suggesting the usefulness of this test for the di agnosis of mild pancreatic diseases.
MATFRTAT S AND METHODS
Elevated serum lipase was also detected in some patients with renal insufficiency, confirming the findings of several authors (13) (14) (15) (16) (17) .
Eighteen serum samples with lipase activity ranging from 40 to 990 BALB units were randomly selected from various patients diagnosed as having pancreatic or renal malfunctions, and their lipase activities were measured with a commercial kit, the "Serum Lipase Set," based on turbidimetry (9) . As shown in Fig. 1 , the values measured by both methods were well correlated, indicating that the BALB-DTNB method can be used, like con ventional methods, for the diagnosis of pancreatic diseases (2). 2) Gel Filtration and Isoelectrofocusing Pro files of Lipase Activity measured by the BALB DTNB Method-In order to confirm that these serum lipolytic activities measured by the BALB DTNB method and turbidimetry are really due to lipase of pancreatic origin, serum samples from various patients were subjected to gel-filtration on a Sephacryl S 200 column and to isoelectrofocusing in an Ampholine column, and the profiles of the lipase activity (=lipolytic activity) were compared with those of lipase in the pancreatic juice. a) Gel-filtration profiles: Various serum samples with more than 200 BALB units of lipase activity were subjected to gel-filtration on a Sepha cry] S 200 column. Figure 2 shows a typical example of elution profile of the serum lipolytic enzyme (=lipase) from a patient with pancreatic carcinoma.
The lipase was eluted later than human serum albumin (HSA, M.W. 68,000) and slightly faster than horseradish peroxidase (M.W. 40,000). The M.W. of serum lipase was estimated to be about 46,000 as shown in Fig. 3 (Fig. 2) . agreement with that of human pancreatic juice lipase determined from its amino acid composition (18) .
Similar elution profiles of the serum lipolytic activity could be obtained with serum samples from patients with acute or chronic pancreatitis, or with renal insufficiency. Pancreatic juice from patients who had under gone partial pancreatectomy owing to pancreatic cancer was also subjected to gel-filtration, and elution profiles obtained were confirmed to be the same as these of serum lipase. b) Isoelectrofocusing profiles: Serum samples with more than 200 BALB units from patients with pancreatic diseases were subjected to iso electrofocusing in an Ampholine column. A typical isoelectrofocusing profile of serum lipase from a patient (A (N.M.) in Table I ) with pan creatic cancer is shown in Fig. 4 . The lipolytic activity was resolved into one major peak with pI 6.8 and two small peaks with pI 7.4 and 6.4. The lypolytic activity of the major peak was also confirmed turbidimetrically using olive oil as a substrate, but the activities of the other two small peaks were too low to measure by turbidimetry.
Similar isoelectric resolution of the lipolytic enzyme was carried out for serum samples (C-H in Table 1 ) from various patients challenged by the C.S. test (7), and the lipolytic profiles are sum marized schematically in Fig. 5 . In general, the lipolytic activity in the serum samples could be Table I ) were analyzed as described in the legend to Fig. 4 . The enzyme activities were expressed as A412/0.2 ml of the fraction/60 min for the lipase, and A412/min/0.1 ml of the fraction for PsChE. Also represents serum proteins.
resolved into one to three peaks with pl values of 7.4, 6.8, or/and 6.4. The serum sample (C) from a patient with pancreatic carcinoma gave a lipolytic profile similar to the sample (A) from the patient with pancreatic carcinoma, and to the sample (E) from patient with chronic pancreatitis. The sample (H) from a patient in the recovery stage after the onset of acute pancreatitis showed a profile similar to that of the sample (D) from a patient with chronic pancreatitis.
The pooled sera (F) from normal subjects gave a profile having one peak with pI 7.4, similar to that of a sample (G) from a patient with stones in the bile common duct. The serum sample (B) from a patient with renal insufficiency was found to give a lipolytic profile similar to those of the samples A, C, and E. It is likely that no definite relationship exists between the isoelectrofocusing profiles of the lipolytic activity and the type of disease, serum samples with high lipase having a tendency to contain much lipase with pI 6.8 and serum samples with low lipase containing only lipase with pI7.4.
The lipolytic activity in pure pancreatic juice without bile contamination from partially pan createctomized patients with cancer, or in crude pancreatic juice with bile contamination collected from the duodenum was also resolved by iso electrofocusing (Fig. 6 ). As observed with serum samples, the lipolytic enzymes with pI7.4, 6.8, and 6.4 were also detected in the juice, but several other lipolytic activity peaks were also found to be present between pH 5 and 3. The lipolytic peaks detected by the BALB-DTNB method could also be measured by turbidimetry, but the ratio of the enzyme activity measured by the two methods (BALB-hydrolyzing activity/olive oil-hydrolyzing activity) tended to increase as the pI became higher, suggesting the possibility of substrate specificity among these lipases with different pl values. It was confirmed that these lipases with different pI all gave M.W. values of about 46,000 by the gel filtration method.
DISCUSSION
Our BALB-DTNB method seems to be one of the few methods sensitive enough to measure the low activity of pancreatic lipase in human sera and has many advantages over the existing methods (1) in that firstly, the enzyme reaction proceeds proportionally with the incubation time as a result of eliminating the liberated BAL in the form of BAL-TNB from the reaction system, secondly, the activity can be measured by simple colorimetry, and thirdly, the enzyme reaction can be observed during the incubation time. It is possible to measure very low serum lipase activity by merely prolonging the reaction time.
The values measured by the BALB-DTNB method and by turbidimetry correlated well (Fig.  1) , but the latter method lacked sensitivity for the assay of the low lipase levels (less than 200 BALB units) in normal sera.
There are very few reports on the charac terization of serum pancreatic lipase, so it was necessary to confirm that the serum lipolytic enzyme activity measured by the BALB-DTNB method is not due to other lipolytic enzymes in mammalian sera (21) (22) (23) (24) (25) , but to the lipase of pancreatic origin. The serum samples with high BALB units were fractionated by gel-filtration or isoelectrofocusing, which is a useful technique for the characterization of various enzymes without producing physico-chemical changes in them.
The M.W. of the lipolytic enzyme measured by the BALB-DTNB method and the gel-filtration method was roughly estimated to be 46,000, as reported by Vandermeers et al. (18) . A lipolytic enzyme with similar M.W. was confirmed to be present in the human pancreatic juice collected in an ice-cold test tube from the main duct of the pancreas. However, the juice collected at room temperature sometimes contained a lipolytic enzyme with an estimated M.W. of 32,000 in addition to the enzyme with M.W. 46,000 (19) . It seems likely that the lipase with M.W. 46,000 may be split by proteolytic enzymes in the juice to form the lipase with M.W. 32,000, as suggested by Morgan et al. (27) based on their experiments on the gel-filtration of lipases in rat pancreatic juice. Straube et al. (20) and Kimura et al. (8) also suggested the possible presence of a lipase with M.W. 32,000 in human pancreatic juice.
The isoelectrofocusing profiles of serum lipase showed the presence of three kinds of lipases with pI7.4, 6.8, or/and 6.4 which were also confirmed to be present in human pancreatic juice. Lipases with pI 3.4-4.5 were also found to be present in Pure porcine pancreatic lipase (type IV), Sigma Chemical Co., U.S.A.) gave a pI of about 5 by the present isoelectrofocusing method.
Inconsistency of p1 among various reported pancreatic lipase is probably partly due to enzyme aggregation or modification during the isolation and purification processes, or partly because the enzymes bind to lipids such as bile acids and phospholipids.
There is also possibility of differ ences in pI among animal species and sources (eg. pancreatic juice, pancreatic tissues, or serum).
The shoulder peaks of PsChE (A through F, and H in Fig. 5 ) seem to be similar in shape to the lipolytic profile of lipase with pI 6.4, and therefore the lipase profiles may be artifacts.
As 
. The reason why abnormally high lipase activity is observed in some sera form patients with renal insufficiency, as pointed out by several authors (13) (14) (15) (16) (17) , still remains obscure.
The present data that abnormally high lipolytic enzyme levels are present in the serum from patients with pan creatic disorders strongly suggest that the serum lipolytic enzyme in cases of renal disorder originates from the pancreas.
No appreciable lipolytic activity in urine with high amylase activity from patients with pancreatic disorders could be detected by the BALB-DTNB method, as pointed out by Kreuzer et al. (30) and Rick (31) using their improved serum lipase assay methods. The normal kidney may have an ability to inactivate the serum lipase, whereas disorder of the renal function (in glomeruli) may trigger accumulation of the lipase in the blood (17) .
In conclusion, the BALB-DTNB method is considered to be reliable for serum lipase assays on the basis of the following three experimental findings ; i) Serum samples with high BALB values were frequently found in patients diagnosed as having obstruction or stricture of the pancreatic main duct, or challenged by the C.S. test. The enzyme activity was greatly diminished (almost to zero) in patients that had undergone total pancre atectomy.
ii) The serum lipolytic activity measured by the BALB-DTNB method correlated well with that measured by the conventionally accepted turbidi metric method using olive oil as a substrate.
iii) The lipolytic profiles of serum samples ob tained by using the BALB-DTNB method, the gel-filtration method and the isoelectrofocusing method resembled those of pancreatic juice lipase, the molecular weight and isoelectric points being estimated to be 46,000 and pI7.4, 6.8, or/and 6.4, respectively.
